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0 Apparatus for endolumlnai graft placement 



0 A vascular graft comprises a perforate tubular 
compressble frame having a fatxic Cner disposed 
over at least a portion of the frames lumen. The graft 
may te used m comtMnation with a base structure to 
fbnn a bHurcated graft In s/fi/. The base structure 
compresses a compressible frame having a UMc 
Bner which defines a pair of divergent tegs. The base 



stnicture is positioned wtthtn the aorta so that one 
leg enters each iliac. The tubular grafts can then be 
introduced Into each leg to form the bifurcated struc- 
ture. A graft delivery catheter includes a contn)llably 
flared sheath which facilitates recapture of a partially 
deployed graft 
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BACKGROUND OF THE INVENTION 

1. neMofIhe Inventton 

Tho pmsent Invention relates generally to ap- 
paratus and methods for endolumlnal placen^nt off 
grafts, stents, and other structures. More particu- 
larfy, the present invention relates to a low profile, 
con)presstt)ie graft structure and apparatus and 
noethods for vascular placement of such structures 
for the treatment of atxtomlnal and other aneu- 
rysms. 

Vascular aneurysms are the result of abnormal 
dilation of a blood vessel, usually resulting from 
disease and^ gerwtic predisposrtion which can 
weaken the arterial wall and allow it to expand. 
WNie aneurysms can occur In any blood vessel, 
most occur in the aorta and peripheral arteries, with 
the malority of aortic aneurysms occurring in ttie 
abdominal aorta, usually beginning below the renal 
arteries and oftan extending distalty Into one or 
txrth of the ffiac arteries. 

Aortic aneurysms are nr>ost commonly treated 
In open surgical procedures where the diseased 
vessel segment Is bypassed and repaired with an 
artificial vascular graft While considered to be an 
effective surgical technique, particularly consider- 
ing the attemative of a usually fatal ruptured ab- 
dominal aortic aneurysm, conventional vascular 
graft surgery suffers from a number of disadvan- 
tages. The surgical procedure is complex and re- 
quire experier^ced surgeorts and well equipped sur- 
gical fadlities. Even with the best surgeons and 
eqidpment however, patients being treated fre- 
quently are elderly and weal(ened from cardiovas- 
cular and other diseases, reducing the number of 
efigM patients. Even for eligible patients pricr to 
rupture, conventional aneurysm repair has a rela- 
tively high mortality rate, usually from 3% to 10%. 
Morbidity related to the conventional surgery in- 
cludes myocardial infarction, renal failure, impo- 
tence, paralysis, and other conditioris. Additionally, 
even with successful surgery, recovery takes sev- 
eral weeks, and often requires a lengthy hospital 
stay. 

In order to overcome some or all of these 
drawbacks, endovascular graft placement for the 
treatment of ar>eurysms has been proposed. Al* 
though very promising, many of the proposed 
methods and apparatus suffer from other problems. 
Often times the proposed graft structures will have 
exposed anchors or frame which can be ttvom- 
bogenic. It is also difficult to provkto graft struc- 
tures wttteh remain sealed to the bkxxl vessel 
lumen to prevent the leakage or bypass of t)lood 
Into the weakened aneurysm, especially when sub- 
jected to externa] deforming forces which result 
from vessel expansion and contraction as the heart 



beats. Many vascular graft structures have difficulty 
In oonfooning to tt^e internal arterial waO. particu- 
larly since tt>e wall can have a highly nor>-unlfiorm 
surface as a result of atherosclerosis and cak:irtca- 
6 tion and is expanding and contracting with the 
patient's heartbeat and bfood flow. Additionally, 
many previous vascular graft structures are difficult 
to position and anchor within the target region of 
the vessel. 

10 For these reasons, it woukj be desirable to 
provide improved apparatus and methods for ttie 
endovascular placement of intraluminal grafts for 
treating aneurysms and other conditions, ft woukj 
be particularly desirable if the graft structures were 

fs easy to place in the target region, displayed litUe or 
no thromt>ogenicity. provkied a firm seal to the 
vascular wall to prevent leakage and blood bypass, 
and were able to conform to uniform and non- 
uniform bkxxJ vessel walls, even while the wall is 

20 expanding and contracting with the patient's heart- 
beat 

2. Description in the Background Art 

as Vascular grafts and devices for their trar\s- 
luminai placement are described in U.S. Patent 
Nos. 5.219.3SS: 5,211.658, 5,104.399: 5,07a726: 
4320,298: 4,787399; 4.617332; 4362396; 
4,577.631: and 4.140,126: and European Patent 

so PubUcations 508 473: 466 516; and 461 791. 

Expandat>le and setf-expanding vascular stents 
are described In U.S. Patent Nos. 5,147370; 
4394,071; and 4.776,337; European patent Publka- 
tions 575 719; 556 850; 540 290; 536 610; and 481 

98 365; and Qennan patent Publication DE 42 19 949. 
A flexible vascular stent structure having counter 
wound helical elements, some of which are sepa- 
rated at particular hxations to enhance flexibilfty. Is 
commercially available from Angiomed, Karlsruhe, 

40 Germany, as described in a brochure entitled 
Memottierm Uiaca Stents. 

Cattteters for placing vascular stents are de- 
scribed in U.S. Patent Nos. 5.192397; 5.092377; 
5.089.005; 5.037.427; 4.969.890; and 4.886.062. 

45 Vascular grafts intended for open surgical im- 
plantation are described in U.$. Patent Nos. 
5336.447; 5,084,065; 4,842.575; 3,945,052; and 
3357,744; and PCI applications WO 88/00313 and 
WO 80/02641; and SU 1697787. 

60 Nickel titanium atfoys and their use in medical 
devices are described in U.S. Patent Nos. 
4.665306 and 4.505.767. 

SUMMARY OF THE INVENTION 

The present Invention comprises a graft as well 
as apparatus and methods for ttie endolumlnal 
placement of intraluminal grafts for tiie treatment of 
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disaase conditions, particularly aneurysms. 

tn accordance wttfi a preferred embodiment the 
Intraiumlnal grafts comprise a radially compress- 
ible, perforate tubular frame having a proximal end, 
a distal end, and an axial lumen between said 
ends. An Interior 8ner, typically a fabrfc, polymeric 
sheet membrane, or the like, covers all or most of 
the surface of the lumen of the tubular frame, 
extending from a near-pnoximal location to a near- 
distal location. The liner is attached to the frame at 
at least one end, as well as at a plurality of loca- 
tions between said ends. Optionally, a second liner 
may be provided over at least a portion of the 
extenor of the frame to cover both sides of the 
frame. Such exterior coverage provides a circum- 
ferential seal against the inr>er wall of the blood 
vessel himen in order to inhibit leakage of blood 
flow between the graft and the luminal wall into the 
aneurysm or stenosis whk:h is t)eing treated. 

The grafts of the present Invention win find 
particular use in the treatment of vascular con- 
ditions, such as abdominal and other aneurysms, 
vascular stenoses, and other conditions which re- 
quire creation of an artificial vessel lumen. For the 
treatment of vascular stenoses, the graft may serve 
as a stent to maintain vessel patency In a manner 
similar to that descrit>ed In the above-described 
U.S. and foreign patent documents relating to 
stents. Other Intraluminal uses of the devices and 
mettwds of the present Invention Include stenting 
of the ureter, urethra, biliary tract, and the like. The 
devk:es and methods may also be used for the 
creation of temporary or k>ng tenm lumens, such as 
Ifw formation of a fistula. 

Such graft structures provMe a number of ad- 
vantages over previously proposed designs, par- 
ticularfy for vascular uses. By covering the himen 
of the tubular fraune, tttrombogenidty of the graft 
resulting from exposed frame elements Is greatiy 
reduced or e&minated. Such reduction of throm- 
tx)genicity is achieved while maintaining the t)ene- 
frts of having a frame structure extending over the 
graft Such an external frame helps anchor ttw graft 
in place and maintain patency and evenness of the 
graft lumen, both of which are advantages over 
graft stmctures which are anchored and supported 
only at each end. The prefierred vascular grafts of 
the present invention are also self-expanding and 
easy to place. The self-expanding nature of such a 
frame also counteracts external defbnming forces 
that may result from ti)e continuous physiologic 
expansion and confraction of the blood vessel 
lumen. Moreover, the lack of cleats, tines, or other 
penetrating elements on ttw graft altows the graft to 
more dosety conform to the sum>unding vessel 
wall and facilitates retrieval and/or repositioning of 
the graft, as will be described In more detail 
hereinafter. Additionally, a resilient tubular frame 



structure pem>its ttte graft to confonn to even inreg- 
ular regions of tt>e blood vessel wall as ti)e wall is 
expandlr>g and contracting as a result of the pump- 
ing of ttte patient's fteart 
s The tubular frame preferably comprises a plu- 
raUty of radially compressible band or ring stnjc- 
tures. each of which have a relaxed (Le., non- 
compressed) diameter which is greater than the 
diameter of the t>food vessel to t>e freated. Adja- 

10 cent compressible band members may be inde- 
pendent of each other or may be joined at one or 
more focations therebetween. If Joined, ti)e t»nds 
are preferably joined at only two diametrically op- 
posed points to enhance flexibility of ttie frame 

IS over its length. Independent band memt)ers will be 
hekd togetfter by tfteir attacfunent to the interior 
and/or exterior liner(8). 

Alternatively, the tubular frame may comprise a 
plurality of laterally compressible axial memt>ers, 

20 with adjacent axial n>embers preferat)ly not t>eing 
directty connected to each ott>er. The axial mem- 
bers will usually comprise a multiplicfty of repeat- 
ing structural unfts. e.g.. diamond-shaped ele- 
ments, which are axially connected. The axial 

25 members will t>e attached to ttie inner liner, efther 
by stitching or by capturing the axial members in 
pockets formed between ttie inner Oner and an 
outer liner disposed over tfie frame. The pockets 
may be formed by attacMng the inner and outer 

90 liners to each other afong axial Knes between adja- 
cent axial memt)ers. 

The present invention also provides methods 
and systems for the iEn $Itu placement of bifurcated 
grafts for the treatment of aorto-iliac segntents and 

ss other bifurcated lunnens. A preferred system com- 
prises a bifurcated base structure Including a proxi- 
mal anchor, typically a self-expanding frame, which 
defines a common ffow kimen and a pair of con- 
nector legs that establish divergent flow lumens 

40 from ttte conunon flow lumen. The prefenred sys- 
tem also Inckides a first tubular graft which can bo 
anchored within first of the connector tegs to form 
. a continuous extension of tfw first divergent ffow 
lumen ar)d a second tubular graft which can be 

45 anchored wfthin a second of the connecta legs to 
form a continuous extension of tt)e second diver- 
gent flow lumen. A preferred nrketi>od of placement 
comprises first introducing tt)e bifurcated base 
structure so ttut the anchor section is positioned 

50 witfiin a primary vessel, /.e., ttie aorta, below the 
renal arteries. After the bifurcated base structure is 
anchored, the first tubular graft is infroduced into 
the first connector leg and anchored between said 
leg and the first branch artery, e.g.. the right mac. 

65 The second tubular graft Is then Inserted Into the 
second connector section and anchored t)etween 
the second connector and ttie second branch ar- 
tery. By property selecting the dimensions of the 
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bifurcated base structure, the first tubular graft, and 
the secorxl tubular graft, the resuMng bifurcated 
graft structure can have dimensions which are spe- 
cHicaOy matched to the vessel dimensions being 
irBs^bdtL Preferably, the bifurcated base structure, s 
first tutxilar graft, and second tubular graft, will be 
formed from radially compressible perforate tubular 
frames tiaving interior and/or exterior liners, gen- 
erally as dsscrit>ed above for tfte preferred vascular 
graft of the present hvention. The radially com- ro 
pressible perforate tubular frame on the base struc- 
ture, however, will terminate above the region 
wtiere ttw connector legs diverge. The connector 
legs below the divergent region wilt be reinforced 
l>y placement arxj expansion of the tubular graft is 
structures tfierein. 

The present invention further provides a deliv- 
ery caSfwter for endovascular placement of radially 
oompre3sS)le grafts or stents, such as the vascular 
grafts and bifurcated base structures described 20 
atx>ve. A preferred catheter comprises an elongate 
shaft having a proximal end and a distal end. 
Preferabfy. a retaining structure Is provided near 
the distal end of the shaft for holding the graft or 
the stent on the shaft until such a time that the 25 
graft or stent Is posithraty released, e.g., by with- 
drawing a pull wire which extends through locldng 
stays on M^er side of the graft or stent The 
preferred delivery catheter further comprises a 
sheath sSd3t>ly mounted over the shaft The sheath so 
Is MtiaOf disposed to cover and restrain the radi- 
ally compressed graft or stent while the catheter is 
being intan^ascularfy introduced to a desired target 
location. The sheath may then be wHfxJrawn, re- 
leasing the radially compressed graft or stent to ss 
occupy and anchor within the vasculature or other 
body lumea Preferably, the graft or stent will re- 
main fixed to the shaft even while the sheath is 
being withdrawn so that the physician can recap- 
ture the graft by advandng tf)e sheath t>ack over Its 40 
exterior. Only after the graft or stent is fully ex- 
panded at the target location within the vessel 
lumen is the graft or stent finally released. Prefer- 
at)ly. tfw sheath will have a flared or outwardly 
tapered tfistal end to facilitate both release and 45 
recapture of the graft or stent by axial translation of 
the sheath. The flared end may be fixed or de- 
ployable. £e., selectively shrflable between a flared 
and a non-flared configuration. Preferably, the 
flared end will be deployabte so that the sheath so 
may be introduced with the distal end in its non- 
flared configuration to minimize its profile. After 
properly positioning the sheath, the distal end may 
be opened to assume Its tapered configuration. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of a vascular graft con- 
structed in accordance with the principles of the 
present Invention. 

Fig. 1A Is a side view of a first attenrute em- 
bodiment of a vascular graft constructed in aocor- 
oartce with tfie principles of the present invention. 

Rg. IB is a side view of a second alternate 
embodiment of a vascular graft constructed in ac- 
cordance with tt\e principles of the present inven- 
tion. 

Fig. 2 is a side view of a radially compressible 
perforate tubular frame of a type which may be 
used in a vascular graft of Ftg. 1. 

Figs. 3A and 3B are a schematic illustrations 
showing the joining pattern of the radially com- 
pressible t>and members of tfie tutxilar frame of 
Fig. 2. 

Fig. 4 Illustrates a structure which has been 
etched from a tJbe and wtiich may tie subse- 
quently expanded to form the tutnilar frame of Ftg. 
2. 

Fig. 5 Illustrates a bifurcated base structure 
wtiich Is part of a system for fonming a bifurcated 
graft in situ. 

Fig. 6 illustrates the distal end of a graft and 
stent placement catheter constructed in accor- 
dance wHh the principles of the present invention. 

Fig. 7*12 Illustrate placement of a bifurcated 
aortic graft usirig the t>ifurcated graft placement 
system of the present invention. 

DESCRIPTION OF THE SPEDnC EMBODIMENT 

The present invention provides apparatus and 
methods for tfte transluminal placement of graft 
stnictures, particularty within the vascular system 
for treatment of aneurysms and other vascular con- 
ditions, but also in other body lumens, such as 
ureter, urethra, binary tract gastrointestinal tract 
and the lilce. for rSne treatment of other conditions 
wtuch benefit from the introduction of a reinforcing 
or protective structure in the lurrven. The apparatus 
and methods can also find use in the creation of 
artificiat lumens through solid tissue and structures, 
such as tJne placement of a TE fistula via an 
endoscope. The vascular grafts will be placed en- 
dovasculariy. As used herein, "endovasculariy" will 
mean placement by percutaneous or cutdown tran- 
sluminal procedures using a catheter over a 
guidewire under fluoroscopic guidance. The cath- 
eters and guidewires may t>e introduced through 
conventional access sites to the vascular system, 
such as through the t>r8Chial and sut)Ciavian ar- 
teries for access to the aorta and tfirough the 
femoral arteries for access to the aorta or to pe- 
ripheral and branch blood vessels. 
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A vascular graft acxording to the present lnv8r>* 
tion will comprise a radially compressible perforate 
tubutar frame and an Iruter or interior Uner attached 
within a central lumen defined by the frame and 
optkmalty a second or outer liner formed over the 
exterfor of the frame. The radially compressible 
frame can take a variety of forms, usually compris- 
ing or consisting of a pluraltty of independent or 
interconnected structural elements, such as rings, 
l)ands. helical elennents, serpentine elements, axial 
struts, parallel bars, and the Cke, that can be com- 
pressed from a relaxed, large diameter configura- 
tion to a small diameter configuration to facilitate 
introduction, as discussed below. It is necessary, of 
course, that the finer(s) remain attached to the 
frame tx>th in its radially compressed configuration 
and in its expanded, relaxed configuration. 

A preferred configuration for the tubular frame 
comprises a plurality of radially compressible band 
members, where adjacent band members are 
joined to each other at only two diametrically op* 
posed points In order to enhance flexibiUty. In a 
particularly prefen'ed aspect the diametrically op- 
posed attachment points are rotationally staggered 
in order to provide flexibility in more ttun one 
direction. A prefenred method for forming such a 
tubutar frame Is described in more detail 
hereinafter. In another preferred configuration, at 
least some of the bands of the frame are Indepen- 
dent Ae., are not directly connected to each other. 
Instead, the bands are connected only to ttte Oner- 
(s) which maintain the axial Integrity of the graft 
Preferably, the independent bands are stitched or 
sealed between interior and exterior liners, as wilt 
be described m nrtore detail below. Other suitable 
frame structures are described In the patent litera- 
ture. 

In an alternate oonTtguration. the perforate tubu- 
lar frame comprises a pluraltty of laterally com- 
pressible axial ntembers which are attacfted di* 
recUy, e.g., by stitching, or Indirectly, e.g.. by lami- 
nation, to the inner liner. The axial members may 
be a multiplicity of repeating structural elements, 
such as diamonds, or could be formed from two or 
more overiapping elements. By positioning tt>e axi- 
al n>embers in pockets formed between an inner 
liner and an outer finer, the axial elements will be 
able to flex independentiy while providing the de- 
sired radial compressibility and self-expansion 
characteristics for the graft 

The dimensions of the tubular graft wilt depend 
on the intended use. Typically, the graft will have a 
length in the range from atx)Ut 50 mm to 500 mm, 
preferably from about 80 mm to 200 mm for vascu- 
lar applications. The relaxed diameter will usually 
be In the range from about 4 mm to 45 mm, 
preferably t>eing in the range from about 5 mm to 
25 mm for vascular applications. The graft will be 



radially compressible to a diameter tn the range 
from 3 mm to 8 mm, preferably from 4 mm to 6 
mm for vascular applications. 

The iiner(s) will be composed of conventional 

s biological graft materials, such as polyesters, poly- 
tetrafluoroethytenes (PTFes). polyuretfianes. and 
the Uke, usually being in the form of woven fabrics, 
non-woven fabrics, polymeric sheets, memtyanes. 
and the like. A presentfy preferred fabric Kner ma- 

fo terial is a plain woven polyester, such as type 56 
Oacrona yam (Oupont Wilmington, Delaware), hav- 
ing a weight of 40 denier, woven at 27 filaments 
with 178 warp yams per circumferential inch, and 
78 yarns per irKh in the fill direction. 

IS The Kner will be attached to the Interior lumen 
of the tubutar frame and will cover most or all of 
the interior surface of the lumen. For example, the 
liner may be stitched or oUterwtse secured to the 
tubular frame along a plurality of circumferentially 

20 spaced-apart axial lines. Such attachment permits 
the liner to fold along a plurality of axial fokj lines 
wtien the frame Is radially compressed. The liner 
wUI further be able to open and conform to the 
luminal wall of the tubular frame as the frame 

25 expands. Alternatively, when inner and outer liners 
are used, the liners may be stitched, heat wekled, 
or uHrasonically wekled together to sandwich the 
tubular frame therebetween. In an exemplary em- 
bodiment where a plurality of Independent band 

JO members are disposed tMtween Interior and ex- 
terior liners, the liners are secured together along 
circumferential lines between adjacent band nrtem- 
bers to form pockets for hokJing the t>and mem- 
k)ers. In a second exemplary emtMdIment wf>ere a 

9$ plurality of independent axial members are dis- 
posed between interior and exterior liners, the lin- 
ers are secured together along axial ttnes to fomt 
pockets for hokling the axial members. 

The liner will preferably be circumferentially 

40 sealed against the tubular frame at at least one 
end. preferably at both ends in the case of straight 
(non-bifurcated) grafts. It is also preferred in some 
cases that the distal and proximal end of ttie perfo- 
rate tubutar frame be exposed. £e., not covered by 

49 the liner material, typically over a length in the 
range from about 1 mm to 25 mm. Frame which is 
not covered by the Pner permits bk)0d perfusion 
through the perforations and into branch arteries 
such as the renal arteries in the case of abdonunal 

60 aorta grafts, white providing additional area for an- 
choring the frame against the t)lood vessel lumen. 
In an exemplary embodiment the Cner will extend 
through the frame and over the exterk)r surface 
near either or both ends to provide a more effective 

55 seal against the adjacent blood vessel wall. 

The radially compressible perforate tubular 
frame will be composed of a resilient material, 
usually metal, often times a heat and/or shape 
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memory aHoy. such as nickel titanium alloys wtilch 
are commercially available under the trade name 
NHInol*. The frames may also t>e composed of 
other highly elastic metals, such as MP*35 N, El* 
gitoy, 316 t stainless steel, and the fika. In the 
case of NHinol9 and other memory alloys, the 
phase transition l»tween austenitic and martonsitic 
states may occur between an introduction tempera- 
ture. 9.(7., room temperature (approximately 22 *C). 
and body temperature (37* C), to minimize stress 
on the unexpanded frame and enhance radial ex- 
pansion of the frame from Its radially compressed 
condition. Expansion can also be achieved based 
on the highly elastic nature of the alloy, rather than 
true shape recovery based on phase change. 

In some cases, it may be desirable to form a 
tubular frame having different elastic or other me- 
GhanicaJ properties at different regions along its 
length. For example, it is possible to heat treat 
different regions of the tutxjiar frame so that some 
regions possess elastic properties wt)ile others be- 
come malteablei so that they may be deformed by 
external force. Fbr example, by providing at least 
one malleable end portion and an elastic (radially 
compressible) middle portion, the graft can be firm- 
ly expanded and Implanted by Internal balloon ex- 
pansion force (to anchor the end(s) in the inner wall 
of the blood vessel) while the middle wii remain 
open due to the elastic nature of the tubular mem- 
ber. Malleable end portions are a particular advan- 
tage since they can bB expanded with a sufficient 
force, and re-expanded If necessary, to assure a 
good seal with the blood vessel wall. Attemativety, 
the malleable ends could be formed from a dif- 
ferent material than that of the middle portion of the 
tubular frame. The use of different materials would 
be particuiariy convenient when the frame is 
formed ftnom a plurality of independent bands, 
where one or more band members at either or both 
ends could be formed of a malleable metal. Usu- 
ally, such malleable end(s) wttt extend over a dis- 
tance in the range from 5 mm to 50 mm. preferably 
from 5 mm to 20 mm. 

Malleable portions or segments can also be 
formed in other paits of the tubular frame. For 
example, some circumferentially spaced*apart seg- 
ments of the tubular frame could be malleable 
while the remaining circumferential segments 
would be elastic. The frame would thus remain 
elastic but have an added malleabtlity to permit 
expansion by applying an internal expansion force. 
Such a construction would te advantageous since 
It would allow the diameter of the graft or stent 
structure to be expanded If the Initial diameter 
(which resulted entirely from elastic expansion) 
were not large enough for any reason. The propor- 
tion of elastic material to malleable material in the 
tubular frame can be selected to provide a desired 



balance between the extend of initial, elastic open- 
ing and the availabiUty of additional, malleable 
opening. Such construction can be achieved by 
selective heat treatment of portions of a frame 
6 composed of a single alloy material, e.g. nickel 
titanium alloy, or by forming drcumfarential seg- 
ments of the frame from different materials having 
different elastic/malleable properties. In particutar, 
irxjividuai laterally compressible axial membere 204 

to (as described in connection with Rg. IB) could be 
formed from materials having different elas- 
tic/knalleable properties. 

Refening now to Figs. 1-4. an exemplary graft 
structure 10 will be described. The graft structure 

75 10 includes a fabric liner 12 and a radially com- 
pressible perforate tubular frame 14. For conve- 
nience, the frame 14 is illustrated by itself in Rg. 2. 
The frame is illustrated in its expanded (relaxed) 
configuration in each of these figures, but may be 

so radially compressed by applying a radially inward 
compressive force, usually by placing the graft 10 
in an outer sheath, as will be described In more 
detail hereinafter. 

The tubular frame 14 comprises a plurality of 

25 radially compressible band members 11. each of 
which comprises a zig-zag or Z-shaped element 
which forms a continuous circular ring. Each band 
member 11 will typically have a width w in the 
range from 2 mm to 15 mm, and the tubular frame 

so will comprise from 1 to 30 Individual band mem* 
bert. Adjacent band members 11 are preferat)ly 
spaced-apart from each other by a short distance d 
and are ioined by bridge elements 13. Flexibility is 
enhanced by providing only two diametrically op- 

98 posed bridge elements 13 between each ad]aoent 
pair of band members 11. As will be described 
further with reference to Rg. 1A, fiexibiOty can be 
further enhanced by leaving the band mennbers 
connected only by the finer. 

40 Usually, the perforate tubular tranrte 14 will be 
left open at each end. e.g., at least a portion of the 
last band member 11 will remain uncovered by the 
liner 12. The liner 12 will be stitched or otherwise 
secured to the bend members 11. preferably at the 

45 junctions or nodes when the element reverses di- 
rection to form the Z-pattern (although the stitching 
should not cross over between the band members 
in a way thai would restrict flexibility). The liner 12 
will usually pass outward from the inner lumen of 

50 the tubular frame 14 to the exterior of the frame 
through the gap between adjacent t>and members, 
as illustrated in Rg. 1. The portion of bner 12 on 
the exterior of the tubular frame 14 helps seal the 
end(s) of the graft 10 against tfte wall of the blood 

55 vessel or other body lumen In which It is disposed. 
The joining pattern of adjacent band members 
11 is best illustrated in Rgs. 3A and 3B. Rg. 3A 
illustrates the tubular frame 14 as It would look If 
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unrottdd onto a flat surface. Rg. 3B Is similar to 
Fig. 3A. except that the band memtMrs are ex- 
panded. The expansion Is shown at 30*, but will 
frequently extend up to 60 * or higher In use. 

A preferred method for forming the tubular 
frame 14 in the present invention may be de- 
scribed with refierence to Rg. 4. A tube of the 
desired elastic material, such as nldcel titanium 
alloy having a phase transformation temperature 
significantty below 37*0. preferably between 30*C 
and 32*C, is obtained. The tube will tiave dtmer>- 
sions roughly equal to the desired dimertsions of 
the frame wt>en radially compressed. The tube may 
be drawn, rolled, or otherwise treated to achieve 
the desired wall thickness, diameter, and the like. 
Suftat>le wan thicknesses are in the range of about 
0.1 mm to 0.5 mm. A pattern of axial slots is then 
formed in the tube, as illustrated in Rg. 4. The 
stois may be formed by electrical discfiarge ma- 
chining (EDM), photochemical etching, laser cut- 
ting, machining or other conventional techniques. 
After the sk3ts have been formed, the tut)e is me- 
chanically expanded to its desired final (relaxed) 
diameter and heat treated at a suitable temperature 
to set the tube In the desired expanded state. 
Sharp edges are refTK)ved by conventional tech- 
niques, such as detHirring, atwasive extrusion, or 
the like. The result of the expansion is the tubular 
frame illustrated In Rgs. 1 and 2. 

Preferably, each end of the Bner 12 will be 
drcumferentially sealed at or near the distal and 
proximal ends of the tubular graft. As Illustrated in 
Rg. 1A. this can be achieved by fokling over the 
end of the Cner 12 onto the external surface of the 
graft 10. Conveniently, this can be done through 
the gaps which are present between adjacent band 
members 14. Where the JurKtions 13 remain, the 
finer 12 can be carefully stitched onto the under- 
lying surface of the frame, as shown at 16 In Rg. 
1A. Other techniques for drcumferentially sealing 
the Bner include heat or ultrasonic welding of the 
liner, laminating an outer gasket, sewing an outer 
reinforcement member, or the like. 

Referring now to Rg. 1A, an attemative em- 
bodiment 100 of a vascular graft constructed in 
accordance with the principles of the present in- 
vention wiU be described. The graft 100 comprises 
a perforate tubular frame 102 which includes a 
plurality of independent (non-connected) band 
members 104 separated from each other by gaps 
106. The perforate tutxjiar frame 102 is similar in 
construction to frame 14 of graft 10, except that 
adjacent band members 104 are not directly corh 
nected to each ottier. Band numt)ers 104 vvill be 
connected only by an Inner liner 108 and an outer 
nner 110, where the inner and outer liners together 
encase or sandwich the otherwise free-floating 
band members 104. In order to secure the band 



members 104 In place, and secure the liners to the 
perforate tubular frame 102, tfte inner and outer 
liners are Jolrted together along circumferential 
lines 112, preferably located In the gaps 106 be- 

8 tween acUacent band members 104. The liners may 
be Joined together by stitching, heat weUing, ultra- 
sonic wekltng, or the like. In the exemplary em- 
bodiment, the liners 106 and 110 are formed irom 
polymeric sheet material and are joined together 

10 by ultrasonic welding. The band members 104 at 
each end of the graft 100 wiU have to bo further 
secured to the liners 108 and 110. For example, 
they could be stitched, wekled. or otherwise joined 
to the liners to hold them in place. The dimensions. 

fs materials, and other aspects of tf)e graft 100 will be 
generally the same as those descrit)ed previously 
for graft 10. 

Referring now to Rg. IB. a second aftemative 
embodiment 200 of the vascular graft of the 

30 present Invention is illustrated. The graft 200 com- 
prises a perforate tubular frame 202 Including a 
plurality of laterally compressible axial menrU>ers 
204. Each axial member 204 comprises a plurality 
of diamond-shaped structural elements which are 

as connected to each other in a finear fashion. It will 
be appreciated that each diamond-shaped struc- 
tural element Is laterally compressible so that the 
frame 202 as a whole may be radially compressed 
from a reduced-diameter configuration to an ex- 

30 panded-diameter configuration. As illustrated In Rg. 
IB. the frame is in a partially compressed configu- 
ration. The axial memt)ers 202 will be captured 
between an inner liner 206 and an outer liner 20& 
The inner liner 206 and outer finer 208 will be 

95 secured to each other aJong a pUiraOty of axial lines 
210 disposed between adjacent axial members 
204. In this way, each axial member 204 will be 
captured within a pocket formed between the Inner 
liner 206 and outer finer 208. As wfth prevkxis 

40 embodiments, the ends of the frame may extend 
beyond the Gners to provide for improved anchor- 
ing and perfusion on either side of the graft. 

Referring now to Rg. 5, a bifurcated base 
structure for forming a bifurcated graft in oombina- 

45 tion with a pair of the vascular grafts 10 just dis- 
cussed will be described. The bifurcated t>ase 
structure 20 comprises an anchor segn>ent 22. 
which typically will be a radially compressible per- 
forate franco having a structure similar or identical 

so to that just discussed. The frame of anchor 22 will 
typically have a length in the range from about 5 
mm to 50 mm. and a diameter in the range from 
about 5 mm to 30 mm. A finer 24 will be disposed 
within the frame 22. typteally being drcumferen- 

55 tially sealed near the upper end of the frame, e,g^ 
being folded over and stitched as described pre- 
viously. As with the straight graft embodiment of 
Rgs. 1-4, the proximal end of the finer 24 will 
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preferably be distally spaced-apart from the proxi- 
mal end of the anchor segment 22, typically by a 
distance in the range from 1 mm to 25 mm. The 
fabric 24 defines a common flow lumen at Ks upper 
end and a pair of divergent flow lumens at Its lower s 
end, one In each leg 26 and 28. The legs 26 and 
28 are preferably not covered by the frame of 
anchor 22. The fabric legs 26 and 28 will each 
have a diameter In the range from 6 mm to 18 mm 
and a length in the range from 5 mm to 30 mm. to 
The dimensions of each leg need not be the same. 

Refenring now to Rg. 6. a catheter 30 for 
delivering the vascular graft 10 or bifurcated base 
structure 20 will be described. The catheter 30 
includes a shaft 32 having a pair of axially spaced* fs 
apart stays 34 and 36. A pull wire 38 extends 
through a lumen 40 of shaft 32 and through protru- 
sions on each of the stays 34 end 36. A sheath 42 
is slidably disposed over the shaft 32 so that it 
may be advanced over the stays 34 and 36. so 
Guldewire 34 extends through the shaft 32 and 
shaft extension 46 to facilitate vascular Introduction 
of the catheter 30. A radially compressible graft G 
(such as graft 10) Is placed over the distal end of 
the shaft extension 46, generally being aligned 3$ 
between the stays 34 and 36. The pull wire 38 is 
then advarwed through the stays 34 and 36 so that 
ft passes through each end of the graft G to main- 
tain the graft In place until the pull wire Is with- 
drawn. WNte the puQ wire 38 remains In place, the so 
sheattt 42 may be axiafty advanced over the graft 
to radially compress the graft into Its desired low 
profile diameter. The sheath 42 Includes a flared 
{Lb., outwardly tapered) distal end 46 to fadUtate 
advancing the sheath over the graft, in particular so as 
that the graft may be recaptured when It Is partially 
deployed, as descrtt>ed hereinafter. The outward 
taper may be permanently fixed in the t)Ody of the 
sheath, but wiQ preferably be selectiveiy deploya- 
ble between the tapered configuration and a non- 40 
tapered or straight configuration (shown In broken 
Kne) to ^Gtate introduction of the sheath through 
the vasculature or ottter body lumen. A variety of 
suitable mechanisms tor selectively expanding the 
distal end of the sheath are known in the art. such 45 
as pull wires end the like. The sheath 42 will be 
introduced through tne vasculature through a con- 
ventional introducer sleeve having a proximal he- 
mostasis valve. 

The catheter 30 may be modified to provkle so 
alternate delivery techniques for the graft Q. For 
example, the catheter 30 may include a balkxwi at 
or near Its distal end for use with grafts having 
malleable portions which need to t>e expanded. 
The catheter 30 might also include bumpers or ss 
other means for aligning the graft on the shaft 46 
while the sheath 42 is being retracted. A variety of 
other catheter constructions and techniques for de- 



livering the radially-compressit)te graft and stent 
strxictures of the present invention. 

Referrir^g r>ow to Rgs. 7*12, placement of a 
t>ifurc3tBd graft structure In an abdominal aortic 
aneurysm AA of a patient wilt be described. Ini- 
tially, tfie delivery catheter 30 Is Introduced through 
an introducer sleeve 50 via an antegrade approach 
(e.g. the 8ul>ciavtan artery 8C), as illustrated in Fig. 
7. The tMfurcated base structure is initially main- 
tained within sheath 42 so that it remains radially 
compressed. After tfie compressed t>ase structure 
20 is properiy positioned, the sheath 42 wiU be 
withdrawn. aUowing the base structure 20 to ex- 
pend in place, as illustrated in Fig. 8. The catfieter 
30 may then be withdrawn. Ieavir>g the guidewire 
QW in place. A vascular graft 10 is then mounted 
on the catheter 30 and reintroduced so that the 
compressed vascular graft lies witftin the fabric 
liner leg 28 while covered with sheath 42, as illus- 
trated In Rg. 9. The sfieath 42 is then withdrawn so 
that the vascular graft 10 will expar>d tx>th within 
the leg 28 and the left lUfiC U, as illustrated In Rg. 
10. The catheter 30 Is then withdrawn, and the 
guldewire Is transferred from the left iliac U to the 
right iliac Rl. Attematively. a separate guidewire 
could t>e introduced. Catheter 30 is then rein- 
troduced over tfw guidewire with sheath 42 cover- 
ing a second vascular graft 10 and advanced into 
the right Iliac, as illustrated In Rg. 11. The sheath 
42 is then withdrawn, atkmlng the second vascular 
graft 10 to expand within both the right Iliac Rl and 
the second leg 26 of the fabhe liner. The com- 
pleted bifurcated graft structure Is then in place, as 
illustrated in Rg. 12. and the guktowire GW, cath- 
eter 30. and Infroducer sheath GO may then be 
withdrawn. 

Floral access and retrograde placement of 
the graft structures of the present Invention wilt be 
possible although such an approach is not pres- 
ently preferred. 

Positiorting arKf repositioning of the stent-graft 
structure of the present Invention can be facilitated 
by use of an ultrasonic imaging catheter or 
guidewire. such as the guidewires descrit)ed in 
U.S. Patent Nos. 5.095 J11 and PCT WO 93/16642. 
Such ultrasoruc guidewires can be used in place of 
the conventional guidewire 30 illustrated in Rgs. 7- 
12. typically being sealed by a hemostasis valve at 
the proximal end of the delivery catheter 30. Lock- 
ing means, clamps, markings, and the like, may be 
provided on either or both of the delivery catheter 
30 and the imaging guidewire to assure proper 
positioning of the ultrasonic fransducer within the 
stent-graft structure during the placement proce- 
dure. The aneurysm or other anomaly t)elng treat- 
ed can then be precisely k)cated prior to release of 
the stent-graft 10. After partial placement proper 
kx:ation of the stent-graft 10 can t>e confirmed with 
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the uttrasonic Imaging device, tf the position is not 
correct the stent-graft 10 can be drawn back into 
the sheath 42, and the stent-graft be repositioned 
prior to complete release. The use of an uttrasonic 
Imaging guidewire Is advantageous since there is 
no need to exchange the guidewire for a separate 
ultrasonic imaging catheter. 

Although the foregoing invention has been de- 
scribed in some detail by way of illustration and 
example, for purposes of clarity of understanding. H 
will be obvious that certain changes and modifica- 
tions may be practiced within the scope of the 
appended claims. 

Claims 

1. A graft comprising: 

a perforate tubular frame having a proximal 
end, a distal end, and a lumen theret)etween: 
and 

an Inner liner extending from a near-proxi* 
mal location on the lumen to a near-distai 
location on the Oner, wherein the liner covers 
the lumen of the tubular frame over the entire 
distance from said near-proximal location to 
said near-distal location. 

2. A graft as In claim 1. wherein the tubular frame 
comprises a plurality of radially compressible 
band memt)ers, wherein adjacent band mem- 
bers are jointed to each other at diametrically 
opposed points which are rotationally stagger- 
ed to enhance flexibility of the frame, or 
wherein at least some adjacent band members 
are not directly connected to each other, and 
wherein the baru) members are captured be- 
tween the inner Gner and an outer liner. 

a A graft as In claim 1. wherein the tubular frame 
comprises a pturality of laterally compressible 
axial members. 

4. A graft as in claim 3. wtierein the axial mem- 
bers each comprise a plurality of diamond- 
shaped elements. 

5. A graft member as in claim 3 or 4. wherein the 
axiat members are captured In between the 
inner liner and an outer liner. 

6. A graft as in one of the claims 1 to 5. wherein 
the liner is circumferentially sealed to the per- 
forate tubular frame at at least one of said 
near-proximal and near-<Sistal locations, and is 
spaced-Inward from an end of the perforate 
tubular frame by a distance In the range from 
1 mm to 20 mm. wherein at least one terminal 
portion of the perforate tubular frame remains 



uncovered. 

7. A system for forming a bifurcated graft In situ, 
said system comprising 

s a bihjrcated base structure including a 

proximal anchor which defines a comnnon flow 
lumen and a pair of conrtector legs which 
define divergent flow lumens from the common 
flow lumen; 

to a first tubular graft wtiich can be anchored 

within a first of the connector legs to form a 
continuous extension of the first divergent flow 
lumen; and 

a second tutelar graft which can be an- 

15 chored within a second of the connector legs 
to form a continuous extension of the second 
divergent flow lumen. 

8. A system as in claim 7. wherein the proximal 
30 anchor of the bifurcated base structure com- 
prises a radially compressible perforate tubular 
frame having a proximal erxl. a distal end, and 
a lumen therebetween, and wherein the pair of 
connector legs comprise a liner secured within 

2$ the tubular frame and having a pair of legs 
which extend distally from the tubular frame, 
and wherein at least one of the first and sec- 
ond tubular grafts comprises (a) a radially 
compressible perforate tubular frame having a 

30 proximal end, a distal end, and a lumen there- 
between and (b) a liner extending over an 
Interior lunnen surface of the tubular frame. 

ft. A delivery catheter for a radially compressible 
3$ graft or stent, said catheter comprising: 

an elongate flexlt)le shaft having a proxi- 
mal end and a distal end; 

a retaining structure near the distal end of 
the shaft which holds the graft or stent on the 
40 shaft; and 

a sheath siidably received over the shaft to 
radially compress the graft or stent while said 
graft or stent is held on the shaft by the 
retaining structure. 

45 

IOl A delivery catheter as in claim 9, wherein the 
sheath has an outwardly tapered distal end to 
facilitate proximal and distal motion over the 
graft or stent, wherein the outward taper is 

60 fixed or deployable, and wherein the retaining 
structure comprises a pair of spaced-apart 
locking stays on the shaft and a pull wire 
which extends through the locfcing stay and 
through ttie graft or stent to hold said graft or 

65 stent in place. 
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